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Multi-Messenger Searches of Dark Matter
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How do we discover dark matter?

@ Unique Signatures of Dark Matter

=
@ Modelling the Astrophysical Background >
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@ Promising Targets & Astrophysical Environments
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Heavy Dark Matter Searches
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MeV Dark Matter
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3.5 keV line? & Sterile Neutrinos
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Axion Searches with Infrared & Optical Telescopes
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~ " Dark matter searches with the cosmic web
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~ " Dark matter searches with the cosmic web
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An eye toward the future
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Future TeV & MeV Searches
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See John Tomsick’s talk on
MeV y-ray astronomy and COSI

See Tomislav Terzic’s talk on
Fundamental Physics with IACT

See Motoko Fujiwara’s
talk on WIMP paradigms
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GRAVITON-PHOTON CONVERSION IN COSMOLOGICAL FILAMENTS
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Graviton—photon conversion in cosmological filaments E [GeV]
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Observational Synergies
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Gravitational tracers DM signals
Galaxy catalogues Y rays
Clusters catalogues X rays

Neutral hydrogen IR emission

Weak lensing Radio waves



Observational Synergies
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Summary & Conclusions

Next-generation telescopes turn into
sensitive experiments for particle physics

Traditional and new environments (e.g.
filaments and voids) open novel windows
on dark matter

Success requires critical cross-pollination )
between particle physics, cosmology, and e e ———
astrophysics




Summary & Conclusions
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Next-generation telescopes turn into
sensitive experiments for particle physics

Traditional and new environments (e.g.
filaments and voids) open novel windows
on dark matter

Success requires critical cross-pollination
between particle physics, cosmology, and i
astrophysics
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68% containment angle (°)
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Experiments

Vera Rubin (LSST)
Euclid
Roman
SPHEREX

JWST

Resolution Hierarchy:

Wavelength
0.3-1.0 ym
Optical

0.55-2.0 um
Optical + NIR

0.5-23um

Optical + NIR

0.75—5 um
NIR

0.6 — 28 ym
NIR + mid-IR

JWST > Roman > Euclid > LSST >> SPHEREX

Sky Coverage Angular Resolution

Sky Fraction Hierarchy:

SPHEREXx > LSST ~ Euclid >> Roman >> JWST

These experiments span complementary regimes:
From all-sky low resolution (SPHEREX) to ultra-deep and small sky coverage (JWST)
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FIRESS Required Performance

https://prima.ipac.caltech.
edu/page/instruments

Parameter

Wavelength [microns]

Spectral range [um]

Resolving power (low-res)

Resolving power (FTM)

20,000-11,000

12,000-6,500 6,600—4,000 3,800-2,100

Array format

24 spatial pixels x 84 spectral pixels

Pixel size ["]

PRIMA's Far Infrared Enhanced Survey Spectrometer
(FIRESS) offers multi-mode spectroscopy capable of both
area mapping as well as dedicated point source observations.
At the heart of FIRESS are four slit-fed grating spectrometer
modules which are logarithmically spaced in wavelength and
combine to cover the full 24-235 ym band. In addition, a
Fourier Transform Module (FTM) can be inserted in the light
path of the grating modules to produce high-resolution
spectroscopy across the full wavelength band.
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Circiello et al, APJ Lett. 978 (2025) 2, L 43

Dwarf Galaxies vs Stellar Clusters

Dwarf Galaxies:
extended & low luminosity

Stellar Clusters:
compact and more luminous

According to Cerny et al (2025),

UMalll/U1 is the least-luminous

and most metal-poor Milky Way
globular cluster known.



The Dark Matter Signal
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EP et al (2025b)
See also Yang, Hudson, Afshordi (2022)



Why
Filaments?

Filaments

Clusters
Voids

TABLE I. Comparison of cosmological domains where gravi-
ton to photon conversion can occur. Filaments [4, 5, 28],
galaxy clusters (28, 35], and voids (28, 36, 37| possess different
typical magnetic fields B, coherence lengths ¢, and volume fill-
ing fractions fyo1. The contribution to the diffuse gamma-ray
background from DM decays to gravitons scales with B¢ f,o1,
which is largest for cosmic filaments.




Magnetic
Fields in
Filaments

Table 2. A selection of relevant observational upper bounds on large scale extragalactic magnetic fields within the filamentary IGM, sorted by increasing

IGMF upper bound.

Upper Bound

27 nG - 44 nG

30 nG - 60 nG

30 nG - 1980 nG

Coherence Scale (L)

Jean’s scale (1;(z))
1/Hy

1/Hy
50 Mpc

L¢/4;(z =0) <1000

~Gpc6

2.5 Mpc - 0.5 Mpc
g =1°7

2 Mpc

1-4Mpc

1 Mpc

~10 Mpc

300 kpc

0.5 Mpc

Redshift Range

0<z<5

0<z<25

Unknown®

z~0.1
0.1<z<0.5

z < 0.048
<z>=0.14+£0.01
0<z<0.57
0<z<xl1

0.095 <z <0.142
z~0.34

0.0304 < z < 0.04148

Reference

Pshirkov et al. (2016)

Blasi et al. (1999)

O’Sullivan et al. (2020)
Ravi et al. (2016)

This paper

Brown et al. (2017)
Vernstrom et al. (2021)
Vernstrom et al. (2017)
Vernstrom et al. (2019)
Locatelli et al. (2021)
O’Sullivan et al. (2019)

Xu et al. (2006)

Technique Summary

RMvs. z

RMvs. z

ARM between adjacent sources

RRM from FRB 150807

RRM cross-correlation

Synchrotron cross-correlation

Statistically Stacking Filaments
Synchrotron cross-correlation

ARM between adjacent sources
Non-detection of filament accretion shocks
Observed intervening filament

RM correlation with galaxy counts

B~0(1 —1000) nG
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* Over 1000 targets
* Both NIRSpec and MIRI

* More statistics, better targets and broader mass coverage



The Axion Landscape
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Dark Matter Prospects with CTAO
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EP et al (2025)

mmmm This work

——= Fornax, HESS

- == Perseus, MAGIC

— == Clusters, Fermi-LAT

E,~ 20 GeV — 300 TeV mon ee)

Competitive for TeV dark matter searches

First observations in 2026
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